Proliferative enteropathies, characterized by mucosal hyperplasia associated with intraepithelial bacteria, have been described in a number of mammalian species, including the pig, lamb, hamster, rabbit, guinea pig, fox, ferret, rat, foal, and dog.
n some of these animal species, notably swine and hamsters, the disease may take on epidemic proportions. The purpose of this report is to describe cases of proliferative enteritis in a herd of captive white-tailed deer (Odocoileus virginianus).
A problem of high mortality occurred in fawns from a herd of white-tailed deer. The herd was composed of 10 adults (5 females, 5 males) and 8 fawns that were all born between late May and mid-June. These animals were kept in a large fenced pen comprising a wooded area, a pasture, a few swamps, and 2 small streams. The adults were fed hay, concentrated feed for dry cows, lettuce, carrots, apples, and mineral supplements. Nursing fawns had free access to the adult ration. In early fall, over a period of about 1 month, 7 of the 8 fawns were found dead; they were all aged between 3 and 4 months old. On external examination, they all had soiling of the perineal area with fecal material, suggesting that they had diarrhea prior to death. Two fawns (A and B) were submitted for necropsy; the 5 others were considered unsuitable for postmortem examination because of severe tissue autolysis. (Gebhart) .
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Gross examination of fawn A, a 3-month-old female, revealed relatively marked autolytic changes in all organs. The contents of the large intestine was watery and greenish. There were no other significant gross findings. Necropsy of fawn B, a 4-month-old male, revealed lesions confined to the intestinal tract. The jejunum and ileum showed multifocal to focally extensive areas of mucosal thickening, giving the surface of the mucosa an irregular and corrugated appearance. The mucosa of the large intestine appeared normal. The feces were watery and greenish. Tissues from both animals were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 6 µm, and stained with hematoxylin-phloxinesaffron. Intestinal specimens were also stained using the Gram and War-thin-Starry silver techniques.
Histologically, the intestinal lesions found in fawn A were confined to the distal small intestine and to some areas of the large intestine. The surface of the mucosa had marked postmortem changes. The wall of the small intestine was hyperemic, and there were multifocal to focally extensive areas of mucosal hyperplasia of the crypt epithelium. Affected crypts were markedly enlarged, often branched, lined by immature columnar to pseudostratified columnar epithelial cells, and devoid of goblet cells. Mitotic figures were common within the epithelial lining of these hyperplastic crypts. The lumen of some of the crypts contained necrotic cells. Transepithelial leucocytic exocytosis was also prominent in these latter areas. The lamina propria was diffusely infiltrated by some eosinophils and fewer plasmacytes, macrophages, and lymphocytes. In the superficial part of the mucosa there were also occasional foci of fibrinonecrotic enteritis. In the colon there were few scattered foci of crypt hyperplasia. Rare coccidia were also noted within epithelial cells of normal-looking crypts. Sections from intestine stained by the War-thin-Starry silver impregnation technique revealed numerous short, slightly curved rods confined mainly to the apical cytoplasm of the hyperplastic crypt epithelial cells. Morphologically similar organisms were occasionally found within macrophages in the lamina propria. In the liver there were small, randomly distributed foci of acute coagulative necrosis. Microscopically, the intestinal lesions observed in fawn B were similar but characterized by a more severe and extensive mucosal glandular hyperplasia with significant reduction of villous length in many areas of the small intestine ( Fig. 1) . These lesions also involved larger areas in the cecum and colon in comparison to fawn A. These hyperplasic mucosal lesions were also associated with large numbers of intracellular bacteria (Fig. 2 ). Significant extraintestinal lesions were not found.
Selected areas from formalin-fixed intestine from fawn B were postfixed in 4% osmium tetroxide and embedded in Epon resin. Ultrathin sections were stained with uranyl acetate and lead citrate for transmission electron microscopic examination. Ultrastructurally, the cytoplasm of proliferative crypt epithelial cells contained numerous and free-lying, straight to slightly curved bacterial rods (Fig. 3) . These organisms had a wavy, multilayered cell wall and dense cytoplasmic granules. They were approximately 0.3 µm in diameter and up to 2.0 µm long. Intracytoplasmic bacteria, dividing by binary fission, were occasionally observed. Flagella or other forms of motility organs were not detected. Similar bacterial profiles were rarely observed free in the lamina propria or contained in phagosomes of macrophages.
Bacterial cultures of intestines yielded growth of Esche- richia coli from both fawns and Campylobacter jejuni from fawn B. Salmonella were not isolated. Enteric viral infection was not detected using both virus isolation techniques from intestinal segments and electron microscopic examination of feces. Fecal examination revealed a low egg count of Strongyloides sp. in both animals and the presence of a few oocysts of coccidia in fawn B.
Immunohistochemistry using a monoclonal antibody to Lawsonia intracellularis was performed on intestinal tissues of both affected fawns and of 2 normal (control) deer (wild deer hit by cars). No immunostaining for L. intracellularis was identified in any portion of the normal deer intestines with the avidin-biotin-peroxidase complex method using L. intracellularis monoclonal antibody. Immunostaining of the affected fawn intestines showed staining in the apical cytoplasm of the epithelial cells in the affected crypts (Fig. 4) . No immunostaining was observed in the affected fawn intestines when a control ascites fluid was used.
The DNA was extracted from the intestinal mucosa of fawns A and B and from the 2 negative control deer using a procedure based on the binding of DNA to diatomaceous earth in the presence of high concentrations of guanidine thiocyanate. 1 A previously described method was then used for polymerase chain reaction (PCR) amplification employing primers specific for L. intracellularis. 9 Both affected fawns contained L. intracellularis sequences as determined by PCR analysis with confirmation by Southern blot hybridization (Fig. 5) .
The gross, histological, and ultrastructural findings noted in the intestinal tract of these young deer are similar to those found in cases of proliferative enteropathies previously described in other animal species. [2] [3] [4] [5] 8, 10, [14] [15] [16] [17] The morphology of the intracellular bacteria described in all these cases is very similar, but it is not known if they represent a single bacterial species. These organisms, best studied with the disease in swine, have often been called Campylobacter-like, because of their ressemblance to bacteria of the genus Campylobacter.
Studies using molecular biology technologies have shown that these bacteria are genetically different from Campylobacter and are more closely related to bacteria of the genus Desulfovibrio. 6 In light of these findings, the organism in pigs has been referred to in the literature by the vernacular name "ileal symbiont intracellularis" until its recent official classification as Lawsonia intracellularis. 12 Our results from PCR analysis suggest that the organisms associated with the disease in deer are genetically similar to the swine organisms.
To our knowledge there are no other reports of proliferative enteritis in deer. Recently a case of erosive enteritis associated with C. hyointestinalis in Moluccan rusa deer was described. 7 However, the intestinal lesions were not characterized by crypt hyperplasia associated with intracellular bacteria.
The source of infection in the cases described herein remains unknown. As with most other enteric pathogens, fecaloral spread and transmission via drinking water and food appear to be the main avenues for infection. Hypothetically, the primary source of infection could have been a carrier deer or a carrier from another species (wild or domestic). Naturally occurring transspecies transmission of this disease has not been documented, although experimental transmission from pig to hamster has been reproduced successful1y. 13 It is interesting to note that the disease first occurred in this relatively closed herd about 1 month after the reintroduction of fawn B on the farm. This fawn had been sent for 2 months to another farm for treatment of a leg injury suffered when it was a newborn. During that period it was shelthered in a barn with other animal species, including rabbits, goats, sheep, horses, and poultry. Since some of these animal species may be affected with a similar enteropathy (e.g., rabbits), they potentially could have been a source of infection.
